ABSTRACT Urban traffic accidents are on the rise worldwide. In order to reduce the incidence rate of dangerous traffic events on road, it is important to train drivers using appropriate traffic scenarios. The objective of this paper is to develop the categories of hazardous traffic events that can be used to construct the simulated hazardous traffic scenarios. A survey questionnaire on drivers' perceptions of hazardous traffic events is distributed to 340 randomly selected drivers. It collects information on the drivers' perceptions of hazardous traffic events' frequency of happening degree of damage and drivers' stress levels triggered by such events. The survey responses are analyzed using fuzzy mathematics methods. Each hazardous traffic event includes the contributing factors of motor vehicles, non-motor vehicles, or pedestrians. The findings from this paper can be used to develop hazardous traffic scenarios to train drives and to provide theoretical basis for further developing and refining active risk avoidance systems.
I. INTRODUCTION
The road traffic accident rates in China have been rising since 1990s, and especially so in the past three years. China now is one of the countries with the highest number of annual road traffic deaths. According to the World Health Organization (WHO) Global Health Observatory data repository, in 2013, the estimated number of deaths caused by road traffic accidents in China is 261,367 followed by 207,551 in India. The road safety issue becomes extremely urgent in China [1] .
Road safety is impacted mainly by three elements including drivers, vehicles, roads and other environmental factors. Among them, drivers are considered the most crucial factor [2] , [3] . The relationship between drivers' driving behaviors and traffic accident rates is well studied by many researchers [4] . Al-Ghamdi [5] discovered that drivers changing lanes haphazardly accounted for 37 % of the total traffic accidents after analyzing 262 foggy days over 3 years in the southern part of Saudi Arabia. A lot of traffic accident data analysis shows that drivers' bad driving behaviors are the main factors of traffic congestion and accidents. Drunk driving, fatigue driving, speeding and not following lane or failing to comply with the regulations are all typical examples of bad driving behaviors that could lead to traffic accidents [6] , [7] .
The research of the Australian Road Traffic Authority (RTA) shows that there is an exponential relationship between speed and the chance of car crash, but RTA has not conducted further study to measure the extent of the relationship. Carter et al. [8] found that 20% of traffic accidents in the United Kingdom were resulted from drowsy driving. The United States Transportation Authority's survey findings show that the rate of road traffic deaths caused by drivers' lack of sleep is 15∼36% [9] . Statistics from the New York City Transportation Authority showed that fatigue driving caused 30% of the fatal traffic accidents on the motorway [10] . These studies only explained how often bad driving behaviors occurred and led to traffic accidents, but they did not indicate the degree of the risks associated with those driving behaviors.
This study aims to rate the degree of the risks associated with hazardous traffic events and apply the findings in developing traffic scenarios to train drivers in order to reduce the accident rates. Many researchers already used the driving simulator as the platform to train drivers in order to improve their ability in handling the dangerous traffic events [11] . The driving simulator allows drivers to experience the simulated traffic scenarios that reflect the typical dangerous events in reality [12] . Through repeated practices, drivers can develop the instinct to perform the appropriate operations when facing the emergency, thereby avoid the accident or reducing the accident severity.
Compared to other traffic environments, urban roads have diverse functions and complicated components [13] . Intersections, as well as the billboards, buildings and trees on the two sides of the roads can easily distract drivers and lead to unexpected incidents during the driving. Therefore urban traffic is selected as research object in this study [14] .
The unique contributions of this study are as follows: first, the types of dangerous events are directly extracted from the complex urban traffic environment and the various dangerous events in reality; second, the hazardous traffic events assessment system is constructed based on the psychological state of the drivers, the frequency of happening of the incidents, and the severity of the damage. This is different from the previous assessments where the focus is on drivers' age, sex or other characteristics [15] - [21] .
As the development of crowdsourcing technique, acquiring amounts of data in urban cities becomes possible and reliable. It can be used to explore traffic problems accurately and efficiently [22] . A Vehicular Social Network (VSN) is an emerging field of communication, which involve social interactions of commuters having similar objectives, interests, or mobility patterns in the virtual community of vehicles, passengers, and drivers on the roads [23] . Due to the enormous potential to guarantee road safety, vehicular social networks (VSNs) have attracted the research community [24] - [26] . Fog computing has been merged with Internet of Vehicle (IoV) systems, aiming at minimizing the average response time for events reported by vehicles [27] .
The results of the study can also provide theoretical basis for further development and improvement of active risk avoidance system of vehicle social network, so as to reduce the accident rate effectively. The main challenges of this paper are the analysis and summary of the common types of traffic accidents, the establishment of evaluation algorithm and the fuzzy comprehensive evaluation of dangerous events.
II. HAZARDOUS TRAFFIC EVENTS A. FACTORS FOR HAZARDOUS TRAFFIC EVENTS
The main cause of traffic accidents is that the motion states of certain elements in the traffic system change unexpectedly. Based on the basic components of the people-car environment traffic system, the three factors that are responsible for traffic accidents are:
1) VEHICLES
(1) Parts of the vehicles perform poorly, which lead to the dysfunction or failure of the vehicle; (2) Vehicles are not inspected regularly and well maintained, resulting in damage to parts.
2) ROADS
(1) The design and construction of some urban roads do not meet required standards;
(2) Some urban roads do not have standard traffic signage; (3) Urban roads are prone to have obstructions and distractions; (4) Urban roads have many intersections; (5) The urban road traffic is more complex than highway and rural road traffic; (6) The traffic capacity of urban road is low.
3) DRIVERS
(1) Different levels of driving skills and experiences; (2) Different levels of knowledge on road safety and traffic regulations.
B. COMMON TYPES OF HAZARDOUS TRAFFIC EVENTS
Based on the characteristics of pedestrians, motor vehicles, non-motor vehicles, and the characteristics of traffic accidents on different types of urban roads, and the Chinese Ministry of Public Security's classification of bad car driving behaviors, the researchers investigated traffic accidents in several accident-prone roads in the city of Xi'an. The selected roads cover urban expressways, trunk roads, subsidiary roads, and branch roads. Data were collected through literature review, video recording, field observation, and a survey questionnaire. Through statistical analysis of the 130 recorded traffic accidents, the most common types of hazardous traffic situations that might lead to traffic accidents were summarized and shown in Table 1 .
III. COMPREHENSIVE ASSESSMENT SYSTEM OF HAZARDOUS TRAFFIC EVENTS A. COMPREHENSIVE ASSESSMENT SCHEME
The steps to develop a comprehensive assessment system of the hazardous traffic events are as follows:
(1) Establish assessment algorithm and assessment index; (2) Design a survey questionnaire on driver's perceptions of the degree of risks of the hazardous traffic events; (3) Distribute questionnaire and analyze data; (4) Conduct fuzzy comprehensive assessment of the degree of risks of the hazardous traffic events.
B. THE DESIGN OF HAZARDOUS TRAFFIC EVENTS
Although some common types of hazardous traffic situations on urban roads are listed in Table 1 , the actual events could be quite different due to the different characteristics of the drivers, roads, and vehicles involved in the dangerous scenarios. Therefore, the designed hazardous traffic events should include the following information: the state characteristics of hazardous traffic events L and the state characteristics of driving environment E. The state characteristics of hazardous traffic events (L) include event objects (l1), velocity (l2), trajectory (l3) and so on. So the factor set of the state characteristics of the hazardous traffic event is:
The state characteristics of driving environment (E) include factors such as time (e1), weather (e2), road types (e3), driving velocity (e4) and so on. So the factor set of the state characteristics of driving environment (E) is:
So the design of the hazardous traffic event (C) is:
The design includes the factors of the state characteristics of both the hazardous traffic events and the driving environment.
China's urban traffic environment is quite unique due to its overall national economic development, level of traffic regulations, and public's awareness of road safety. Based on the analysis, twenty hazardous traffic events are designed and shown in Table 2 .
Each designed hazardous traffic event has detailed descriptions and it is shown in schematic diagrams.
For example, event 3 is described as: a sunny day on a two-lane road, Cars A and B are on the two sides of a road. Car C passes car A by taking up the opposite driveway from C to C1, and then to C2. See Fig. 1 for a visual presentation.
Event 4 is described as: a sunny day on a two-lane road, Cars A and B are travelling on the same direction at 40 km/h. Car A has a mechanical malfunction and applies the emergency braking. At this point, Car B will face event 4 in Table 2 above. See Fig. 2 for a visual presentation of the hypothetical scenario. 
C. COMPREHENSIVE ASSESSMENT ALGORITHM
Because each hazardous traffic event is caused by a combination of several different factors, therefore the risk assessments of the hazardous traffic events need to take several factors into consideration instead of just focusing on one factor. The method of fuzzy mathematics is used to assess the degree of the risk of the dangerous events on urban roads [28] - [33] .
The degree of risk of the hazardous traffic events is mainly reflected in the driver's stress level, the frequency of happening and the degree of damage of the event. According to the previous literature, the higher the drivers' stress level, the worse the impact of the hazardous traffic events on the drivers. The more frequent occurrence of the hazardous traffic event, the greater chance that the event will occur. The more frequent occurrence of the incidence, the more dangerous the event is. The higher the degree of the damage of the hazardous traffic event, the more damage caused for drivers. Based on these findings, the comprehensive assessment index of the hazardous traffic events includes: stress response triggered by the event (SR), the frequency of happening (FH) and the degree of damage (DD).
According to the assessment indicators, the set of comprehensive assessment factors for events is as follows:
= {stress response, frequency of happening, deg ree of damage}.
In order to make quantitative analysis of the set of the assessment factors it is necessary to establish the fuzzy evaluation set, and to make the fuzzy judgments of each evaluation result. In this paper, the fuzzy evaluation measure of points 1, 2 and 3 is used as the quantitative results, and the evaluation set is as follows:
The evaluation method of stress response is as follows: if the occurrence of event l causes the driver to be slightly nervous, then the stress response is defined as ''low''; if the hazardous traffic event causes drivers moderate stress, the stress response is defined as ''medium''; If the incident causes drivers too much stress, the stress response is defined as ''high''.
The frequency of happening of the hazardous traffic events is defined as: when the research subject considers the dangerous scene rarely happens in their daily driving, the frequency of happening for that event is considered ''low''. When the research subject believes that the hazardous traffic event happens occasionally in their daily driving, the frequency of happening is considered ''medium''. When the research subject considers that the event could be encountered or seen regularly during their daily driving, the frequency of happening is considered ''high''.
The degree of damage in this study is defined as: if the incident causes a slight impact, scratch, but no casualties and other severe consequences, then it is defined as ''low''; if the occurrence of the event is likely to lead to injuries, moderate or light vehicle damage, and other consequences, then the degree of the damage is defined as ''medium''; if the event is likely to lead to death or serious body injury, serious vehicle damage or scrap and other consequences, then it's defined as ''high''.
IV. DATA ANALYSIS OF HAZARDOUS TRAFFIC EVENTS A. SURVEY QUESTIONNAIRE
The questionnaire is designed to collect data on drivers' perceived level of stress response, frequency of happening and degree of damage of the 20 designed hazardous traffic events in Table 2 . The evaluation sets for drivers' perceptions of their stress levels, the frequency of happening, and the degree of damage of those 20 events in Table 2 are classified into low, medium and high. 340 drivers were randomly selected to answer the survey questionnaire in the city of Xi'an, Shaanxi Province. 321 drivers responded to the survey (response rate 94.41%). After removing responses that were not complete, there are 295 valid responses (response rate 86.76%). 
B. ANALYSIS OF STRESS RESPONSE (SR) TRIGGERED BY HAZARDOUS TRAFFIC EVENTS
Based on the statistical analysis of the questionnaire responses, the total votes for each level of the stress response caused by the designed hazardous traffic events is divided by the total number of responses, which is then converted into a ratio. The results are shown in Table 3 above.
According to the description above, the evaluation set of SR in the questionnaire is categorized by the following three grades: low, medium and high. Therefore, the evaluation set of SR is first quantified as follows: N = {1, 2, 3} = {low, medium, high}.
All SR scores for the 20 designed hazardous traffic events are shown in Table 4 . The higher the SR scores, the higher the drivers' stress level when the incident happens.. As you can tell from looking at Table 4 , the top three hazardous traffic events that cause drivers stressful are Events 13, 18, and 8.
The conversion diagram is shown in Fig. 3 . 
C. ANALYSIS OF THE FREQUENCY OF HAPPENING (FH) BY HAZARDOUS TRAFFIC EVENTS
Similarly, the FH for each designed hazardous traffic event is calculated as shown in Table 5 .
The FHevaluation set is quantified as follows:
The score is shown in Fig. 4 . By looking at Figure 4 , the top two hazardous traffic events that happen most often are events 13 and 20.
D. ANALYSIS OF THE DEGREE OF DAMAGE (DD) BY HAZARDOUS TRAFFIC EVENTS
Similarly, the DD for each designed hazardous event is calculated as shown in Table 6 .
The evaluation of DD in the questionnaire is similarly quantified as follows: N = {1, 2, 3} = {low, medium, high}. The scores are shown in Fig 5 . By looking at Figure 5 , the top three hazardous traffic events that cause the most severe damages are events 8, 19, and 14.
V. FUZZY COMPREHENSIVE ASSESSMENT OF HAZARDOUS TRAFFIC EVENTS A. DETERMINATION OF WEIGHT VALUE
At present, there are two types of common methods used for determining the weights of indicators [34] . One is the subjective evaluation method, such as Delphi method, Analytic hierarchy process (AHP), and so on. The basic principle of this method is to assign subjective weight value to the index; the other one is the objective evaluation method, such as principal component analysis, factor analysis, and so on. The basic principle of this method is to determine the weight of each index by mathematical method based on objective test data. Each weight assignment method has its own pros and cons. For the same index system, even if using the same data, the weights determined by different methods will be different. Generally speaking, using subjective evaluation methods to assess the severity of unexpected events, the first thing to consider is the level of stress and the degree of damage caused by such events, and the second thing to consider is the frequency of its happening. Therefore, the index of SR and DD from previous section should be given more weights than FH. In another word, the weight value of SR and DD should be larger and the weight value of FH should be smaller.
Using objective evaluation method to determine the weights of indicators is different.. In tables 3, 5 and 6, add the square sum of factor loads of all variables on the same common factor, the value obtained is the eigenvalue of the common factor. Then the weight of each factor can be obtained by normalizing the obtained eigenvalues. As shown in Table 7 , we can see that the weight values of SR andDD is higher than that of FH.
The conclusions of the two evaluation methods are consistent here. Therefore, the weight vector B of the comprehensive assessment of hazardous traffic events is as follows: B = (0.36, 0.28, 0.36).
B. FUZZY COMPREHENSIVE ASSESSMENT PROCESS
According to the comprehensive assessment method of mathematical fuzzy, the fuzzy matrix is used to assess each dangerous event synthetically. Based on the score ratio of each event evaluation of SR, DD and FH, the fuzzy matrix Aj is arranged [35] .
Among them,j = 1, 2, 3, . . . , 20, j indicates the number of the hazardous traffic events. A represents the fuzzy matrix of the j th event; The evaluation factors were i = 1, 2, 3, 4.ri1, ri2, ri3, ri4 are the ratio of the ith evaluation index to the evaluation set [30] , [36] . The fuzzy matrix for 20 events is as follows: The results show that 36.72% of the survey respondents think that the degree of risk of event 1 is high. 41.72% of the respondents think that the degree of risk of event 1 is medium. 21.56% of the respondents consider the degree of risk of event 1 to be low, so the overall assessment of the event 1 is moderate.
The Based on the results of comprehensive assessment and the values of the degree of risks of hazardous traffic events in Table 8 above, the 20 designed hazardous traffic events in Table 2 are sorted and classified according to the three grades of high, medium and low degrees, as shown in Table 9 .
VI. CONCLUSION
Improving road safety is one of the many important goals of the traffic systems worldwide [37] . Based on the characteristics of the urban traffic environment, we first designed the major types of hazardous traffic events in the urban traffic environment, and then conducted a survey questionnaire to collect drivers' perceptions of their levels of stress, the frequency of happening of each event, and the degree of damage of each dangerous event. The data is analyzed using the mathematical model of multi-factor fuzzy comprehensive evaluation, By using mixed research methods of literature review, video recording, field observation and survey questionnaire, this study synthesizes and establishes the common types of hazardous traffic events in urban traffic environment.
By taking SRąćDD and HF as evaluation indexes, the severity of unexpected hazardous traffic events is comprehensively evaluated by using mathematical fuzzy comprehensive evaluation method. The evaluation results show that most of the designed hazardous traffic events have high degree of risk.
This study has established an assessment system to evaluate the severity of dangerous traffic events. This result can be used to construct simulated dangerous scenarios to train drivers. The findings also provide theoretical basis for further developing and refining the active risk avoidance system. 
